Introduction: The glucagon-like peptide-1 receptor agonists liraglutide and lixisenatide are effective at reducing glycated hemoglobin (HbA1c) levels in patients with type 2 diabetes mellitus (T2DM). Although liraglutide has demonstrated superior efficacy in head-to-head
clinical trials, real-world evidence of comparative effectiveness is lacking. This observational study aimed to assess the effectiveness of liraglutide versus lixisenatide in UK clinical practice. Methods: Electronic medical records from The Health Improvement Network (THIN) UK primary care database were analyzed. Patients aged C18 years, diagnosed with T2DM, and prescribed liraglutide or lixisenatide between 01 May 2013 and 31 December 2015 were included in the study. Adjusted linear regression models compared the difference in mean change in HbA1c, body mass index (BMI), and systolic blood pressure (SBP) after 12-month follow-up. The proportion of patients achieving glycemic control (HbA1c \6.5%, \7.0%, \7.5%); HbA1c reduction [1%; and weight reduction C3% within 12 months were determined. Cox proportional hazards modeling was used to evaluate the effect of treatment on time to achieving HbA1c and weight reduction targets. Healthcare resource use (HCRU) (GP, secondary care, hospitalizations) was compared using analysis of covariance. Results: The primary outcome was assessed in 579 liraglutide and 213 lixisenatide new users. Fully adjusted linear regression indicated that liraglutide reduced HbA1c significantly more than lixisenatide (mean treatment difference -0.30; 95% CI -0.56, -0.04; p = 0.025). Compared to lixisenatide, liraglutide recipients were 2.5 times more likely to achieve HbA1c \6.5%
INTRODUCTION
In the management of type 2 diabetes mellitus (T2DM), the National Institute for Health and Care Excellence (NICE) guidelines in the UK recommend a patient-centered approach to achieving and maintaining glycemic control by individualizing target glycated hemoglobin (HbA1c) levels [1] . Although glycemic control is considered on a case-by-case basis, an HbA1c target of 6.5% (48 mmol/mol) is recommended for most patients with T2DM. Following drug intensification, a secondary target of 7.0% (53 mmol/mol) is suggested and 7.5% (58 mmol/mol) is considered the threshold for further drug escalation [2] .
Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are currently recommended as third-line treatment in diabetes management in UK clinical practice [2] . Liraglutide once daily (Victoza, Novo Nordisk, Bagsvaerd, Denmark) and lixisenatide once daily (Lyxumia, Sanofi-Aventis Groupe, Paris, France) are two GLP-1 RAs that have demonstrated clinical efficacy in patients with T2DM in numerous clinical studies [3] [4] [5] [6] [7] . Liraglutide was approved in the EU in 2009 and lixisenatide gained approval in 2013. Liraglutide and lixisenatide (as add-on to metformin) have been compared in randomized, open-label, parallel group trials [4, 6] , where liraglutide was more effective than lixisenatide in improving glycemic control [6] . However, to our knowledge, no studies have compared the effectiveness of liraglutide to lixisenatide in patients treated in real-world clinical practice.
This study aimed to assess the effectiveness of liraglutide in comparison to lixisenatide in adult T2DM patients treated in UK primary care by using The Health Improvement Network (THIN) database. Effectiveness was determined by assessing the effects of these treatments on HbA1c levels, body mass index (BMI), and systolic blood pressure (SBP) during the 12 months following initiation of therapy. Healthcare resource utilization (GP, secondary care, and hospitalizations) between users of liraglutide versus lixisenatide was also investigated.
METHODS

Study Design and Data Source
This observational study of adults with T2DM utilized electronic medical record (EMR) data from the THIN database, a large UK primary care data source. THIN contains anonymized medical records for over 13 million patients, of which over 3.5 million are currently active, representing nearly 6% of the UK population. Studies have demonstrated the validity of THIN data for use in pharmacoepidemiological studies [8] [9] [10] and its generalizability to the UK in terms of demographics and diabetes prevalence [11] .
The period of observation was from 01 May 2013 (to coincide with licensing of lixisenatide in the UK) to 31 December 2015. The index date was the first recorded prescription issued for liraglutide or lixisenatide within the study period as identified by relevant drug codes within THIN. Clinical effectiveness was assessed from index date to 12 months follow-up. Baseline HbA1c, SBP, body weight, and BMI measurements within the 6 months prior to index date were included to reflect the UK National Institute of Health and Care Excellence (NICE) recommendation of HbA1c measurements every 3-6 months [2] . Similarly, 12-month follow-up measurements were assessed at the 12-month follow-up date ±3 months. Healthcare resource use was assessed from index date to 12 months post-index. The study was reviewed and approved by the UK Independent Scientific Review Committee (SRC) under protocol 16THIN050. The analysis does not contain any new studies with human or animal subjects performed by any of the authors.
Study Population
Patients were eligible for inclusion in the study population if they fulfilled all of the following criteria: (i) at least one new prescription of liraglutide or lixisenatide between 01 May 2013 and 31 December 2015, (ii) a recorded diagnosis of T2DM at any time prior to or on index (based on Read codes), (iii) C18 years at index, and (iv) a minimum of 6 months of medical history pre-index. Exclusion criteria were (i) diagnosis of type 1 diabetes mellitus at any time, (ii) record of gestational diabetes within 12 months of index date, (iii) first prescription for liraglutide prior to 01 May 2013, (iv) insulin prescription prior to index, or (v) history of malignancy prior to index date. Patients were followed from liraglutide/lixisenatide initiation (index date) until the earliest of (i) record of insulin prescription, (ii) transfer out of practice/ death, or (iii) end of the study time period. Cohorts were constructed from the main study population for each outcome of interest on the basis of availability of follow-up measurements in order to maximize the populations available for assessment.
Treatment Groups
Liraglutide prescriptions were categorized as the following: all doses (any exposure to all available prescribed doses [0.6 mg, 1.2 mg, 1.8 mg per day] during the study period); 1.2 mg category, average daily dose (ADD) 0.6-1.5 mg; and liraglutide 1.8 mg category, ADD [1.5-2.1 mg [12] . ADD was calculated as the sum of the prescribed number of units (pens) multiplied by the total dosage in each unit (mg), divided by the sum of the days covered by the prescriptions. For lixisenatide, the standard 20 lg dose per day was used.
RESULTS
Cohort Sizes and Baseline Characteristics
The primary outcome was the absolute change in HbA1c at 12 months from index date. Secondary endpoints included (i) change in BMI and SBP at 12 months from index (Fig. 1a) . Of the 1736 liraglutide users, 914 (52.6%) were prescribed an average dose of 1.2 mg, 93 (5.4%) were prescribed an average dose of 1.8 mg, and for 729 (42.0%) patients the dose was unspecified. On the basis of availability of outcome measurements, cohort 1 for both liraglutide and lixisenatide treatment groups was divided into five cohorts for each outcome of interest as outlined in Fig. 1a , with cohorts 2 and 3 subdivided into a further three categories according to baseline HbA1c (Fig. 1b) .
For the baseline cohort (cohort 1), the mean age of patients in the lixisenatide group (57.2 years, SD 10.7) was slightly greater than those in the liraglutide group (55.8 years, SD 10.7). Mean weight and BMI were comparable for both treatment groups (107.0 kg, SD 20.7; 37.6 kg/m 2 , SD 6.6 for lixisenatide vs. 109.9 kg, SD 22.5; 38.1 kg/m 2 , SD 7.2 for liraglutide); however, almost 30% of all patients had missing weight data. Mean HbA1c levels at baseline were high in both treatment groups but slightly higher in patients prescribed lixisenatide (9.64%, SD 1.53 lixisenatide vs. 9.49%, SD 1.63 liraglutide). Mean baseline SBP was also elevated but comparable between cohorts (133 mmHg, SD 14 for lixisenatide vs. 134 mmHg, SD 15 for liraglutide) ( Table 1) .
Treatment Effects
Unadjusted analyses demonstrated reductions in absolute change in HbA1c after 12 months for both liraglutide and lixisenatide initiators in cohort 2 ( Fig. 2) , with greater reductions observed in the liraglutide group (-0.93% liraglutide vs. -0.70% lixisenatide) (Fig. 2a) . Using the change in estimate approach, no variables altered the treatment coefficient by more than 10%, but all were entered into the fully adjusted model as a sensitivity analysis ( Table 2 ). The fully adjusted linear regression model for mean HbA1c change confirmed a greater mean change in HbA1c for the liraglutide group compared with the lixisenatide group (-0.30, 95% CI -0.56 to -0.04, p = 0.025). Linear regression analyses adjusted only for baseline HbA1c (i.e., the baseline or null model) demonstrated a similar result (-0.28, 95% CI -0.54 to -0.02, p = 0.038). The magnitude of the coefficient for the sensitivity analyses using a mixed linear regression model was very similar to the null model (-0.27, 95% CI -0.55 to 0.01, p = 0.058), suggesting that clustering of patients within practice did not affect the model.
A greater proportion of the liraglutide group compared to the lixisenatide group in cohort 3 achieved glycemic control targets of HbA1c \6.5% (10.8% vs. 4.0%), \7.0% (24.1% vs. 11.7%), \7.5% (36.0% vs. 23.3%) (Fig. 3) , and (Fig. 4) . When stratified by diabetes duration, fewer patients tended to achieve each HbA1c target as duration increased (Table 3) . Cox regression analysis adjusted for baseline HbA1c revealed that, compared to the lixisenatide group, patients in the liraglutide group were 2.5 times more likely to achieve HbA1c \6.5% and approximately twice as likely to achieve HbA1c \7.0% and \7.5% within 12 months of treatment (Table 4) . Patients in the liraglutide group were statistically more likely to achieve [1% reduction in HbA1c compared to patients in the lixisenatide group (Table 4) . Unadjusted analyses indicated slightly greater BMI and SBP reductions for liraglutide users compared to lixisenatide users (cohort 5 and 6; Fig. 2b, c) . However, there was no significant difference in mean change in BMI and SBP between treatment groups (linear regression adjusted for baseline BMI and baseline SBP, respectively) ( Table 2) . A slightly greater proportion of the liraglutide group (44.9%) achieved C3% reduction in weight compared with the lixisenatide group (40.8%) (cohort 5; Fig. 4 ). Cox regression analysis adjusted for baseline weight indicated that patients in the liraglutide group were more likely to achieve C3% reduction in weight within 12 months compared to the lixisenatide group; however, this difference was not statistically significant ( Table 4) .
The overall number of GP visits recorded within a year from index date was the same for the two groups. Similar trends were seen for face-to-face visits, nurse visits, and phone calls to the GP (Table 5 ). There were no differences between the groups regarding the mean number of secondary care visits or hospitalizations in the year after index date (Table 5) . ANCOVA with adjustment for baseline HbA1c and length of time at risk revealed no significant differences between the two treatment groups.
DISCUSSION
This real-world observational study indicated that liraglutide-treated individuals experienced [4] [5] [6] . Baseline clinical characteristics were similar between treatment groups. Approximately three times more patients were prescribed liraglutide compared to lixisenatide, which may be due to longer market availability and thus increased familiarity with liraglutide. Importantly, the present study found that patients prescribed liraglutide or lixisenatide had higher mean baseline HbA1c levels compared to patients in RCTs, but this could be influenced by inclusion criteria thresholds for RCTs [4] [5] [6] . In clinical practice, high mean HbA1c could be explained by current UK NICE guidelines recommending GLP-1 RA as a third-line treatment option in HbA1c glycated hemoglobin a Small number suppression applied for patient numbers \6 patients for whom triple therapy with metformin and two other oral drugs was either not effective, not tolerated, or contraindicated [2] . When assessing the primary outcome, notable differences between the treatment groups were observed for patients with 12 months of available data where patients initiating liraglutide achieved a significantly greater reduction in HbA1c than those initiated on lixisenatide. This supports previous headto-head RCTs where liraglutide demonstrated superior reductions in HbA1c levels compared with lixisenatide in 26-week [6] , 28-day [4] , and 8-week RCTs [5] .
Additionally, results from an observational study suggest that the observed greater mean reduction in HbA1c may be regarded as clinically relevant [13] . The findings indicated that reducing HbA1c by 1% may reduce the risk of diabetes-related death by 21% and all-cause mortality by 14%. These results, however, could not be reproduced in the three major glucose-lowering trials ADVANCE, ACCORD, and VADT [14] [15] [16] . More recently, meta-analyses have found that reducing HbA1c could significantly reduce the incidence of non-fatal myocardial infarction and coronary heart disease, although this is less certain for all-cause mortality [17, 18] .
Approximately three-quarters of the liraglutide group and two-thirds of the lixisenatide group achieved [1% reduction in HbA1c. These proportions were greater than observed in two HbA1c glycated hemoglobin, HR hazard ratio, LCL lower confidence limit, PH proportional hazards, UCL upper confidence limit a Cox PH regression adjusted for baseline HbA1c only b Cox PH regression adjusted for baseline weight only other real-world liraglutide studies, where just over half of liraglutide users achieved C1% HbA1c reduction after 6 months of treatment [19, 20] . Furthermore, patients initiated on liraglutide had a statistically significant higher probability than lixisenatide users of achieving glycemic targets (including \6.5%) over 12 months. We found that glycemic control targets were attained by a greater proportion of the liraglutide group versus the lixisenatide group. This largely agrees with RCT and real--world data, although the relative proportions of patients achieving these targets were lower than in clinical trials examining liraglutide 1.8 mg [6, 21] . These lower proportions could be explained by the high mean baseline HbA1c in Mean (SD) 9.8 (7.5) 9.7 (7.5) 9.8 ( Our study supports the findings of RCTs and observational studies but carries potential limitations. For some outcomes (i.e., HbA1c, weight), data were not available at both baseline and 12-month follow-up, which could lead to selection bias. However, time windows for measurements were decided according to guidelines for measurement frequency [2] in order to maximize the number of patients in the study. Confounding by indication (i.e., indication bias) resulting from differences in reasons for prescription may lead to systematic bias in favor or against liraglutide. Indication bias may be limited since both liraglutide and lixisenatide belong to the same drug class and both are used as a third-line treatment in the UK. However, the longer market availability and thus familiarity of liraglutide may result in it being preferentially prescribed, as was reflected in the greater number of patients prescribed liraglutide. Multiple linear regression models were applied to mitigate any possible limitations in terms of confounding. The current study was also limited by data contained within the THIN database. Firstly, medication data are based on prescriptions issued rather than prescriptions dispensed and thus it was not possible to confirm that the drug was actually taken by the patient. Secondly, GPs in England received incentives during the study time period for reporting diabetes, while GPs in Wales, Northern Ireland, and Scotland did not. This may have led to an oversampling of patients from English GPs and a higher quality of recording compared to GPs from Wales, Northern Ireland, and Scotland. 
CONCLUSIONS
